Background. Salmonella enterica including Salmonella Typhi and nontyphoidal Salmonella (NTS) are the predominant cause of community-acquired bloodstream infections in sub-Saharan Africa (sSA). Multiple-drug resistance and emerging fluoroquinolone resistance are of concern. Data on the age distribution of typhoid fever in sSA are scarce but essential for typhoid conjugate vaccine policy. We sought to describe Salmonella bloodstream infections, antimicrobial resistance, and age distribution at a rural district hospital in northeastern Tanzania.
In sub-Saharan Africa (sSA), Salmonella Typhi is a predominant cause of bloodstream infections among both children and adults [1, 2] . Globally, typhoid fever is estimated to cause 17 million illnesses [3] and 178 000 000 deaths annually [4] . Salmonella Typhi is transmitted by fecally contaminated water and food. Although there has been progress with improved water and sanitation in sSA since the 1990s [5] , many people remain at risk for typhoid fever by consumption of unsafe water and food. Earlier work suggested that risk for typhoid fever in Africa might be concentrated in urban areas and informal settlements [6] . However, recent studies confirm the substantial and underappreciated scale of the problem of rural typhoid fever [7] [8] [9] . Although long-term efforts continue to provide microbiologically safe drinking water and food and improved sanitation to those without it, including in difficult to reach rural areas, typhoid conjugate vaccines provide a means to reduce illness and deaths. In October 2017, the World Health Organization (WHO) Strategic Advisory Group of Experts (SAGE) on immunization recommended typhoid conjugate vaccine for routine use in children >6 months of age in typhoid endemic countries, and in December 2017 the first typhoid conjugate vaccine was prequalified by WHO [10] . New data on the age-specific occurrence of typhoid fever from low-and middle-income countries show that typhoid fever tends to be common in the 0-4 years age group, with a large proportion of disease between 6 months and 2 years of age [9] [10] [11] . However, data on the occurrence of typhoid fever by age in Africa are limited.
Timely and appropriate antimicrobial therapy is needed to prevent complications and death from typhoid fever.
However, antimicrobial resistance has been a growing problem in Salmonella enterica, compromising antimicrobial management. Traditionally, ampicilin, chloramphenicol, and trimethoprim-sulfamethoxazole were the drugs of choice for management of invasive Salmonella infections worldwide. However, the emergence of resistance to all of these agents, termed multidrug resistance (MDR) [9] [10] [11] , lead to adoption of fluoroquinolones as drugs of choice. Fluoroquinolone-resistant Salmonella Typhi is now widespread in Asia [11, 12] and present in some parts of Africa [11, 12] . In 2017 the WHO identified fluoroquinolone-resistant Salmonella enterica among the priority pathogens for research and development of new antimicrobial agents [13] . More recently, extended spectrum beta lactamase (ESBL)-producing Salmonella Typhi has emerged and spread in South Asia [14] . Typhoid conjugate vaccines are the first to be approved on the basis of control of drug-resistant infections [5] .
In order to inform typhoid conjugate vaccine policy in Tanzania and sSA, we sought to understand the role of Salmonella Typhi as a cause of community-acquired bloodstream infections in a rural setting in Tanzania, to examine patterns of antimicrobial resistance among isolates, and to describe the occurrence of typhoid fever by age.
METHODS

Study Site
Korogwe District Hospital (KDH) is situated in Korogwe District in northeastern Tanzania (Figure 1 ). KDH with 145 inpatient and 28 pediatric beds serves as the main primary referral facility for approximately 261 000 people. The majority of communities surrounding Korogwe town use surface water from the Pangani River for drinking and other domestic use.
From August 2008 to April 2016, we operated a hospital-based surveillance system for the detection of severe malaria and other comorbidities among children admitted to KDH before and during implementation of the RTS, S/AS01E malaria vaccine trial [15] . RTS,S is a scientific name given to this malaria vaccine candidate and represents its composition. The 'R' stands for the central repeat region of Plasmodium (P.) falciparum circumsporozoite protein (CSP); the 'T' for the T-cell epitopes of the CSP; and the 'S' for hepatitis B surface antigen (HBsAg). These are combined in a single fusion protein ('RTS') and co-expressed in yeast cells with free HBsAg. The 'RTS' fusion protein and free 'S' protein spontaneously assemble in 'RTS,S' particles. Following the completion of RTS, S/AS01E malaria vaccine trial, the protocol was adopted as part of routine care for all febrile children admitted to the pediatric ward.
Study Participants
During the study period, participants were identified prospectively among all admissions to the pediatric ward at KDH. All admitted patients aged 1 month to 5 years with an axillary temperature of ≥37.5° C at the time of admission or with a history of fever within 24 hours preceding admission were invited to participate. A standardized clinical history and physical examination was performed on consented participants by trained staff.
Sample Collection and Laboratory Methods
Following skin cleaning and disinfection, 1-3 mL of venous blood was collected by venipuncture, inoculated into blood culture bottles, and incubated in an automated blood culture instrument (BACTEC 2050, Becton Dickinson, Franklin Lakes, NJ; BacTAlert, bioMérieux, Durham, NC). Broth from positive blood culture bottles was plated on MacConkey agar, Columbia agar enriched with 5% sheep blood, and chocolate agar (Oxoid, Hampshire, United Kingdom). The following organisms were classified as contaminants: coagulase-negative Staphylococcus spp., Micrococcus spp., Propionibacterium spp., coryneform bacteria, and Bacillus spp. and viridans streptococci. Salmonella strains were identified by API 20E biochemical testing (bioMérieux, Marcy L'Etoile, France) and confirmed by slide agglutination using antibody reagents specific for serogrouping Vi antibodies (Difco Salmonella Antiserum, Becton Dickinson, Franklin Lakes, NJ USA). Antimicrobial susceptibility testing was done by disc diffusion and interpreted according to British Standards for Antimicrobial Susceptibility testing interpretive criteria [16] . All isolates were tested for amoxicillin, ceftriaxone, chloramphenicol, and trimethoprim-sulfamethoxazole. Ciprofloxacin susceptibility testing was by E-test (Oxoid). Isolates were interpreted as ciprofloxacin susceptible with a minimum inhibitory concentration (MIC) ≤0.06 μg/mL, as intermediate (reduced susceptibility) with an MIC < 1 μg/mL and > 0.06 μg/ mL and as resistant with an MIC ≥1 μg/mL [16] . Ceftriaxone was used as a screening drug for the detection of extended spectrum beta lactamase (ESBL)-producing strains. Resistance to amoxicillin, chloramphenicol, and trimethoprim-sulfamethoxazole defined MDR. All laboratory procedures were performed according to internationally acceptable standards and external quality assurance monitored by the Contract Laboratory Services (CLS) group, Pretoria, South Africa.
Statistical Analysis
Data were double entered and validated using Microsoft Office access database 2007 (Microsoft Corporation, Redmond, WA), and statistical analyses were performed using Stata version 13 (StataCorp, Lake Way Drive, College Station, TX).Categorical data were displayed using frequencies and percentages, and continuous data were displayed using the median and interquartile range (IQR). Differences for parametric continuous variables among Salmonella enterica infected and uninfected patients were tested using analysis of variance for normally distribution or Mann-Whitney if for skewed parameters. A χ 2 or
Fisher exact test was used to compare categorical variables.
Research Ethics
The Tanzania National Health Research Ethics Committee approved the protocol, reference number NIMR/HQ/R.a/Vol. IX/701a. Parents or caretakers of infants and children provided written informed consent.
RESULTS
Of 6741 children admitted and screened for clinical features of febrile illness or history of fever, 3742 (55.5%) were males and 2999 (44.5%) were females. The blood cultures were collected from 4176 (61.9%) patients who met the inclusion criteria ( Figure 2 ). The median (IQR) age was 14. Figure 3 shows the occurrence of Salmonella Typhi and NTS bloodstream infection by age in months. The median (IQR) age of participants with Salmonella Typhi infection was 13.1 (2.4-59.9) months, and for NTS it was 11.5 (2.0-48.0) months. Of 129 Salmonella Typhi bloodstream infections, 88 (68.2%) occurred <2 years of age and 68 (52.3%) at <1 year of age. Of 42 NTS bloodstream infections, 31 (73.8 %) occurred <2 years of age, and 24 (57.1%) occurred <1 year of age.
Among 129 Salmonella Typhi tested, 89 (89.9%) were resistant to amoxicillin, 85 (81.0%) to chloramphenicol, and 93 (92.1%) to trimethoprim-sulfamethoxazole compared. Among 35 NTS tested, 22 (62.9%) were resistant to amoxicillin, 15 (39.4%) to chloramphenicol, and 27 (79.4%) to trimethoprim-sulfamethoxazole. Of Salmonella Typhi, 68 (81.0%) were multiple-drug resistant, and 6 (6.2%) were resistant to ciprofloxacin. Of NTS, 12 (41.4%) of NTS were multiple-drug resistant, and none was resistant to ciprofloxacin (Table 2) . ESBL production was not detected in any of the Salmonella enterica isolate.
DISCUSSION
We found that Salmonella Typhi followed by NTS were the leading causes of community-acquired bloodstream infection among febrile infants and children admitted to Korogwe District Hospital in northeastern Tanzania. Furthermore, MDR was common among Salmonella Typhi. Furthermore, the majority of typhoid fever and NTS invasive disease occurred in infants <1 year of age.
Although others have suggested that typhoid fever in Africa might be concentrated in urban areas and informal settlements [6] , our study supports a more recent work confirming that typhoid fever is common in rural parts of sSA. The finding that typhoid fever is common in rural areas in East Africa is perhaps not surprising given that many people still lack access to improved water and sanitation facilities [5] . It is likely that typhoid vaccination strategies targeting populations in urban areas and informal settlements would fail to prevent substantial amounts of typhoid fever occurring among the vast swathes of Africa whose population remains rural.
A systematic review of community-acquired bloodstream infections studies from Africa in 2010 showed that NTS predominated in sSA with only North African studies showing a predominance of Salmonella Typhi [2] . More recent work demonstrates the considerable variation of S. enterica bloodstream infections in both time [17] and place [7] , with Salmonella Typhi being the leading cause of community-acquired bloodstream infections in some locations, including northeastern Tanzania [18] . We have previously reported that Salmonella Typhi and NTS bloodstream infections occurred at similar prevalence among febrile pediatric outpatients at KDH [19] . We now demonstrate that Salmonella Typhi is by far the most common cause of bloodstream infection among febrile pediatric inpatients. Since around 2005, there has been marked decline in malaria transmission intensity in most areas of sSA including northeastern Tanzania [20] [21] [22] [23] . Of interest in northeastern Tanzania, the decline in malaria transmission has occurred at the same time as an increase in the role of Salmonella Typhi and a decline in the role of NTS as a cause of Salmonella enterica bloodstream infection [20, 24] .
We found that more than half of Salmonella Typhi isolates were multiple-drug resistant and hence would not respond to the traditional first-line antimicrobials amoxicillin, chloramphenicol, and trimethoprim-sulfamethoxazole. Furthermore, a substantial minority of strains were also resistant to ciprofloxacin. Although the high proportion of multiple-drug resistant isolates is consistent with studies conducted elsewhere in sSA [25, 26] , the occurrence of resistance to alternative agents such as ciprofloxacin is of great concern. Judicious use of antimicrobials is an imperative, but the specter of untreatable typhoid fever looms, and prevention by both nonvaccine and vaccine measures become increasingly important. Our study had a number of limitations. First, the study was hospital-based study and therefore biased toward severely ill children and potentially missing milder cases. This could have underestimated the total number of invasive Salmonella infections in the community. Second, the hospital is a primary referral facility; many children may have received antimicrobial treatment prior to admission, which may have reduced the number of isolates seen in this study.
In conclusion, we demonstrate that Salmonella Typhi is the leading cause of community-acquired bloodstream infection in a rural district in northeastern Tanzania, that the majority of typhoid fever infections occurred in children aged <1 year, and that multiple-drug resistance was common. Our findings suggest that efforts to increase access to microbiologically safe water and food and improved sanitation be supported with routine use of typhoid conjugate vaccine early in infancy, including in rural areas of sSA. 
